ABSTRACT
INTRODUCTION

1
While SS are known to improve training efficiency (41), neuromuscular function may be 2 impacted when using this method. Previous research (27, 28) has shown the importance of 3 maintaining high levels of kinetic (e.g. force) and kinematic (e.g. velocity and power) outputs 4 when aiming to develop muscle size, strength, and power. However, Weakley et al. (41) has 5 demonstrated that SS may cause greater losses in these variables when compared to 6 traditional (i.e. one exercise set followed by a rest) resistance training. It was shown that SS Existing research has assessed the effects of differing forms of SS on bench press kinetic and 22 kinematic outputs (4, 30, 32) , RPE (5, 41) , and resistance training volume (5, 30) . However, 23 no study has compared the effects of these different forms of SS configuration on bench press 24 outcomes when resistance training. Furthermore, it is unknown whether these different
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Copyright ª 2017 National Strength and Conditioning Association arrangements of SS alter perceptions of perceived exertion. Therefore, due to the importance 1 of kinetic and kinematic outputs when training to develop muscle size, strength, and power 2 (27, 28), the aim of this study was to assess the effects of differing SS arrangement on 3 kinetic, kinematic, and RPE changes during the bench press exercise. 
METHODS
6
Experimental approach to the problem 7 To assess the effects of three different forms of SS arrangement on kinetic, kinematic, and 8 RPE outcomes in the barbell bench press, 10 sub-elite adult rugby union players completed 9 four exercise protocols in a randomized-crossover design, with at least 7 days between each 10 testing session. The four resistance training protocols consisted of one set of the barbell bench press followed by a five minute recovery period then either; 1) control (CON): three 12 further sets of the barbell bench press with a two minute recovery period between sets; 2) A-
13
A: three SS of the bent-over row and the barbell bench press with two minute rest periods; 3) 14 A-P: three SS of the back squat and the barbell bench press with two minute rest periods; 4) 15 SB: three SS of the dumbbell bench press and the barbell bench press with two minute rest 16 periods. All repetitions were completed without assistance. Exercises were completed at 65% 17 of three repetition maximum (3RM) as this intensity has been found to be near maximal when 10 male rugby players (mean ± standard deviation (SD); age: 20.9 ± 9.6 years; height: 183.2 3 ± 6.1 cm; body mass: 90.2 ± 9.6 kg; 3RM barbell bench press: 114.3 ± 10.3 kg; 3RM back 4 squat: 139.7 ± 27.9 kg; 3RM bent-over row: 101.1 ± 12.0 kg; 3RM dumbbell bench press: 5 87.5 ± 11.6 kg), who had at least two years resistance training experience (3.9 ± 1.2 years) 6 were recruited from a university rugby union team from the United Kingdom. Testing took 7 place in February (which is within the second half of the university rugby playing calendar).
8
All subjects confirmed that they did not have any current injuries, have not or do not 9 consume any medications or supplements that could influence performance, and that they 10 were not suffering from any diseases. Subjects were explained the design of the study,
11
provided an opportunity to ask questions and then provided informed written consent. All 12 experimental procedures were approved by Leeds Beckett University's ethics committee and 13 written assent was provided by all subjects. 14 15
Experimental Procedures
16
All testing was conducted at the same time of day one week apart, with subjects being asked 17 to refrain from physical activity for the 48 hours prior to all testing procedures. Subjects were 18 instructed to maintain normal dietary habits in the 24 hours prior to testing, with caffeine not 19 being consumed in the 12 hours before. All subjects were screened prior to acceptance into 20 the study (38), followed by anthropometric and 3RM strength assessment of the barbell bench 21 press, back squat, bent-over row, and dumbbell bench press. Subjects were randomized to 22 complete four testing sessions (i.e. CON, A-A, A-P, and SB) with session order designated 23 through computer-generated random numbering (37). All exercise protocols consisted of a 24 standardized warm-up, which consisted of dynamic movements and exercise specific between two sampling points) and mean velocity and power (i.e. the overall velocity and 7 power output across the whole concentric range of motion) (19). These variables were used 8 due to their high level of reliability and validity (i.e. coefficient of variation <5% (6)) and 9 previous use in the barbell bench press (10). Following all exercise protocols RPE was 10 reported using a modified Borg category ratio-10 scale (16)
11
12
3RM strength assessments testing 13 The assessment of 3RM strength was completed as this is regularly used within similar 14 cohorts and has been used in the prescription of SS training methods (39-41). 3RM strength 15 testing of the barbell bench press, back squat, bent-over row, and dumbbell bench press was 16 completed during a familiarisation session after acceptance into the study. These exercises 17 were chosen due to the subjects' familiarity with these movements and their previous use in 18 rugby union research (11, 39, 40) . 3RM strength of each exercise was assessed using the 19 following protocols which have previously been used to assess strength (39-41). The bench 20 press was completed with hand position at a self-selected width which was recorded and 21 replicated across conditions. The bar was lowered to the chest and returned to a locked-out with an overhand grip which raised the bar to the lower sternum; while the torso 1 was maintained parallel to the ground. The dumbbell bench press begun with the subject 2 lying flat on a bench with the arms holding both dumbbells so that the elbow was at a 90-3 degree angle. The arms were extended so that the dumbbells were directly over the subject's 4 chest and then returned to the start position. All protocols used the barbell bench press as an outcome measure, with SS protocols 8 requiring the completion of an exercise immediately prior, while the CON protocol 9 completed a single set of the bench press. All exercises (i.e. barbell bench press, back squat, 10 bent-over row, and dumbbell bench press) were loaded with a weight that was 65% of 3RM.
11
This intensity was selected for the protocols as it has previously been established that when 12 completing SS, intensities above this cause notable losses in repetition completion (i.e. 
Statistical analyses
16
Data are presented as either mean ± SD or percentage/effect size (ES) ± 90% confidence 17 intervals (90% CI) where specified. Prior to analysis, all data were log-transformed to reduce 18 bias arising from non-uniformity error, and then analysed for practical significance using 19 magnitude-based inferences (21) . The chance of the RPE, mean concentric velocity, power, 20 or peak force being lower, similar, or greater than the smallest worthwhile change/difference 21 (SWC/D) (i.e. 0.2 x between subject difference) was calculated using an online spreadsheet 22 (23), with all between group comparisons of effects being further analysed using a separate 23 spreadsheet (22). The probability that the magnitude of change was greater than the SWC/D 24 was rated as <0.5%, almost certainly not; 0.5-5%, very unlikely; 5-25%, unlikely; 25-75%, (21) . Where the 1 90% Confidence Interval (CI) crossed both the upper and lower boundaries of the SWC 2 (ES±0.2), the magnitude of change was described as unclear (21) . ES thresholds were set at 3 <0.2 (trivial), 0.2-0.6 (small), 0.6-1.2 (large), and 1.2-2.0 (very large) (21) . The purpose of the current study was to assess and compare the effects of three different SS 2 configurations on kinetic, kinematic, and RPE responses across 3 sets during the bench press 3 exercise. Of the three SS configurations, mean concentric velocity and power were reduced to 4 the greatest extent from baseline in the SB condition with almost certainly greater reductions 5 in this protocol when compared to the A-A and A-P pairings. Furthermore, when compared to 6 baseline, changes in peak force were unclear in the traditional and A-P condition, while likely 7 and almost certain reductions were reported in the A-A and SB complexes, respectively.
8
Comparisons between protocols demonstrated likely greater reductions in peak force in SB 9 when compared with A-A. However, differences between SB and A-P were unclear. Finally, 10 results revealed that the A-A pairing had very likely and almost certainly lower RPE than the 11 A-P and SB pairings, respectively. The very large losses of velocity reported in the SB protocol were almost certainly greater 6 than reductions in all other protocols. Previous research (18) has shown that repeated high-7 intensity muscle contractions can reduce substrate availability and increase metabolic 8 accumulation. These changes can cause acute reductions in muscle performance which have 9 been shown to impede moderate term (i.e. 8 weeks) strength and power development (28).
10
However, greater reductions in barbell velocity across these time frames have been related to bench press exercise. However, it should be noted that this increased motor unit recruitment 3 may not promote long-term improvements in force and power (25, 26, 28) . The practitioner 4 and sports scientist may therefore be cautious in the selection of SB pairings due to the large 5 amounts of localized fatigue, declines in kinetic and kinematic variables, and the mechanisms 6 that are utilized to maintain performance. The current study also acknowledges the importance of SS configuration on perceived 9 intensity, with the A-A pairing reporting lower RPE when compared with A-P and SB. While 10 this study is not the first to assess SS configuration and RPE (5), it is the first to compare 11 supersets that extend beyond the agonist and antagonist format. It is speculated that the 12 greater range of movement and muscle mass utilized in the A-P SS (13), and the increased (18), contribution of the stretch-shortening cycle (13), and the relative 12 "sticking region" of each exercise (34). These findings therefore need to be interpreted with 13 caution for exercises other than the barbell bench press. 14 15
In conclusion, the current study demonstrates the kinetic, kinematic and perceived exertion The ability to spend prolonged amounts of time training is often not feasible for an athlete. 
